Background {#Sec1}
==========

Globally, Lung cancer is the most common cancer diagnosed and is responsible for one fifth of death due to cancer \[[@CR1]\]. In China, there are 0.7 million incidence cases, and the mortality caused by lung cancer is up to 0.6 million cases \[[@CR2]\]. Most lung cancer patients are diagnosed at later stage when the timing for effective surgical dissection is missed. Its prognosis is relatively poor with 5-year survival rate at only about 15 % if diagnosed at later stage. While, the 5-year survival rate can be 30--40 % if diagnosed at early stage \[[@CR3]\]. It has been found that both genetic and environmental factors are critical for the development of lung cancer. Although tobacco smoking can account for up to 80 % of lung cancer cases, substantial variations exist that cannot be explained solely by environmental and behavior factors \[[@CR4]\]. Identification of genetic risk factors such as genetic polymorphism can have important indication for both early detection and therapy target discovery to improve the prognosis of lung cancer patients. Recent research has successfully identified potential genetic variations associated with the susceptibility of lung Cancer \[[@CR5]--[@CR8]\].

Inflammatory factors including cytokines and chemokines have long been suggested for their role in cancer development. Chemokines can contribute to tumor cell proliferation, angiogenesis and metastasis to promote the advancement of cancer \[[@CR9]\]. Dysfunction of CXC and CC groups of chemokines has been found to involve in the progression of lung cancer \[[@CR10], [@CR11]\]. Chemokine (C-C motif) ligand 2 (CCL2), once named as monocyte chemotactic protein 1 (MCP-1), belongs to the CC chemokine family. CCL2 is primarily secreted by monocytes, macrophages and dendritic cells. It can recruit inflammatory cells to the sites of inflammation \[[@CR12]\]. Polymorphism rs1024611 in CCL2 gene was reported to be correlated with the metastases of breast cancer and nasopharyngeal carcinoma \[[@CR13], [@CR14]\]. Very recently, another genetic polymorphism in the promoter region of CCL2 gene, rs3760396, has been reported to be associated with decreased risk of death for non-small cell lung cancer (NSCLC) in Chinese population \[[@CR15]\]. Our current study sought out to study whether the same single nucleotide polymorphism (SNP: rs3760396) of CCL2 is also associated with the occurrence of lung Cancer and its pathological subtypes in a Chinese population.

Methods {#Sec2}
=======

Ethics, consent and permissions {#Sec3}
-------------------------------

The study was approved by the Ethical Committee of Capital Medical University Electric Power Teaching Hospital (Beijing, China). Consents to participate in the study from the participants (or legal guardian) were obtained.

Consent to publish {#Sec4}
------------------

We had obtained the consents to publish from the participant (or legal parent or guardian for children) to report individual patients' data in any form (including images, videos, voice recordings etc.).

Study subjects {#Sec5}
--------------

Lung cancer patients were recruited from Capital Medical University Electric Power Teaching Hospital (Beijing, China) between Sep. 2011 to Sep. 2012. They were all newly diagnosed cases with histopathological confirmation. Lung cancer cases were classified histologically as squamous carcinomas, adenocarcinomas, adenosquamous carcinoma, small cell carcinomas, and large cell carcinomas. Patients would have been excluded if they had previous history of cancers, or history of chemotherapy/radiotherapy for other cancers. All control subjects are free of history of cancer or chemotherapy/radiotherapy.

DNA extraction and genotyping assays {#Sec6}
------------------------------------

Peripheral blood samples were collected with EDTA tube and stored at −70 °C. DNA was purified from whole blood using the RelaxGene Blood DNA System (TianGen Biotech Co Ltd., Beijing, China) according to the manufacturer's protocol. SNP rs3760396 located in gene chemokine (C-C motif) ligand 2 (CCL2) was genotyped using a Taqman SNP Genotyping Assay (Applied Biosystems, Foster City, CA, USA) with ABI 7900 HT Fast Real Time PCR System (Applied Biosystems). Its assay ID is C_27478341_10. Assays were performed with Taqman Universal Master Mix, Taqman probe, and 10 ng of DNA per reaction. PCR was set up according to manufacturer's protocol: 3 min initial denaturation at 95 °C followed by 40 cycles of 95 °C denaturation for 15 s and 60 °C annealing/extension for 1 min. The genotyping process was performed blind to group status.

Statistical analysis {#Sec7}
--------------------

Test of Hardy-Weinberg equilibrium of the genotype distribution was performed using exact tests implemented by Wigginton et al. \[[@CR16]\] in PLINK 1.07 software. Characteristics of case and control groups were examined with student *t*-test or chi-squared test using STATA/SE12.0 (StataCorp LP, TX, USA). Logistic regression analysis was conducted to assess the association between the genotypes and overall lung cancer risk in PLINK 1.07 software and STATA/SE12.0 (StataCorp LP, TX, USA). A *p* value less than 0.05 was considered to be nominally significant. A total of 30 models involving up to six outcome traits and four types of genetic predictors have been tested. Under stringent Bonferroni correction on 30 tests, *P* value less than 0.0017 (=0.05/30) would be considered significant after correction on multiple testing. However, keep in mind that many outcome traits and predictors were related to each other. So this correction would be over-conservative. The association of genotypes with the pathohistological subtypes and various clinical stages of lung cancer were examined by multinomial logistic regression. Three subtypes were evaluated: squamous carcinomas, adenocarcinomas, adenosquamous carcinoma. Small cell carcinomas and large cell carcinomas were not included due to lack of variability of genotypes of rs3760396. Age and gender and smoking status were included as additive covariates in above analysis.

Results {#Sec8}
=======

In current study, we genotyped CCL2 rs3760396 polymorphism in a total of 939 Han-ancestry Chinese subjects, including 395 patients with lung cancer and 545 healthy controls. One sample from case group without successful genotyping was excluded. Table [1](#Tab1){ref-type="table"} included the demographic and characteristics information of all the subjects. There were less males in cases versus controls (59.4 % vs. 67.3 %) (*p* = 0.012). Lung cancer patients were slightly older than controls (mean ± SD: 58.1 ± 9.4 vs 52.3 ± 10.5 years old, *p* \<0.0001). There were significantly more smokers in cases (48.0 %) than in healthy controls (25.7 %) with a *p* value less than 0.001. Therefore, in the following SNP association analysis, age, gender and smoking status were included as covariates in an additive way.Table 1Characteristics of Lung Cancer Patients and ControlsVariableCasesControls*P* value^a^Numbers394545Sex0.012 Male234367 Female160178Age (year)58.1 ± 9.452.3 ± 10.5\< 0.0001Han Ethnicities394545Smoking status Non-smokers205405\< 0.001 Smokers189140Histological type Squamous carcinomas142NA Adenocarcinomas221NA Adenosquamous carcinomas20NA Small cell carcinomas10NA Large cell carcinomas1NATNM stages IA10NA IB27NA IIA33NA IIB108NA IIIA73NA IIIB79NA IV63NAnot classified1NA^a^Two-sided *χ* ^*2*^ test

We summarized genotype distribution and allele frequency of rs3760396 SNP in CCL2 gene in controls and lung cancer cases (Table [2](#Tab2){ref-type="table"}). rs3760396 SNP genotype distribution in both cases and controls was in agreement with the Hardy-Weinberg equilibrium (*p* = 0.40 and 0.53, respectively). G allele of rs3760396 SNP is the minor allele with higher prevalence in lung cancer patients than in controls. Its frequencies in controls and lung cancer patients were 7.5 and 9.8 %, respectively. Genotypes of rs3760396 SNP have a distribution of 0.7 %/13.6 %/85.7 % for GG/GC/CC genotypes in controls, and 1.3 %/17.0 %/81.7 % for GG/GC/CC genotypes in cases, respectively.Table 2Genotype and Allele Frequencies of the CCL2 rs3760396 polymorphism in lung cancer patients and controlsControls (%), *n* = 545Cases (%), *n* = 394Genotypes GG4 (0.7 %)5 (1.3 %) GC74 (13.6 %)67 (17.0 %) CC467 (85.7 %)322 (81.7 %)Alleles G7.5 %9.8 % C92.5 %90.2 %*CCL2* chemokine (C-C motif) ligand 2 gene

We further tested the association of rs3760396 SNP with the susceptibility of lung cancer (Table [3](#Tab3){ref-type="table"}). Without including any covariate, there is no significant genotypic or allelic association of rs3760396 SNP with lung cancer (*p* = 0.24 and *p* = 0.38, respectively). The association is non-significant either under dominant or recessive model (*p* = 0.10 and *p* = 0.41, respectively). Since age, gender and smoking status were significantly associated with lung cancer, we further included age, gender and smoking status as additive covariates in the association analysis. Four genetic models were evaluated. There was no significant association of this SNP with lung cancer although the point estimate of Odds Ratio (OR) showed the tendency of correlation between minor allele G and increased risk of lung cancer: OR = 1.25 and *p* = 0.2 in allelic model; OR = 1.24 and *p* = 0.26 in dominant model; OR = 2.07 and *p* = 0.31 in recessive model; and *p* = 0.4 in genotypic model.Table 3Statistical tests on the association of CCL2 rs3760396 polymorphism with lung cancerModelComparisonCovariatesOR*P*-valueAllelicG vs Cnone1.350.38GenotypicGC vs GG vs CCnoneNA0.24DominantGG/GC vs CCnone1.340.10RecessiveGG vs GC/CCnone1.740.41AllelicG vs CAge, gender, smoking status1.250.20GenotypicGC vs GG vs CCAge, gender, smoking statusNA0.40DominantGG/GC vs CCAge, gender, smoking status1.240.26RecessiveGG vs GC/CCAge, gender, smoking status2.070.31*CCL2* chemokine (C-C motif) ligand 2 gene, *OR* odds ratio

Next, we examined the association of rs3760396 SNP with pathological subtypes of lung cancer. Small cell lung cancer and big cell lung cancer cases are all homozygous of the major allele C at rs3760396 SNP. Therefore, these two subtypes were not included in the analysis multinomial logistic regression was used. The results were summarized in Table [4](#Tab4){ref-type="table"}. Because recessive genotypes were present in less than or equal to four cases in the subtypes of lung cancer, recessive genetic model was not evaluated. We found that rs3760396 SNP was significantly associated with adenosquamous carcinoma using either allelic (OR = 5.3 and *p* \< 0.001), dominant (OR = 9.8 and *P* \< 0.001), or genotypic model (OR = 10.7 and *P* \< 0.001 for GC vs. CC genotypes) even under conservative Bonferroni correction (*p* value cutoff 0.0017). There is no significant association between rs3760396 and either adenocarcinoma or squamous cell carcinoma.Table 4Association of CCL2 rs3760396 polymorphism with pathological subtypes of lung cancerGenetic modelComparisonRRR^a^ vs. controls*p*-value95 % CI_Lower95 % CI_UpperAdenosquamous carcinoma allelicG vs C5.29\< 0.001\*2.4011.66 DominantGC/GG vs CC9.88\< 0.001\*3.6127.00 genotypicGC vs CC10.73\< 0.001\*3.8829.71Adenocarcinoma allelicG vs C1.330.160.901.98 DominantGC/GG vs CC1.290.250.841.99 genotypicGC vs CC1.220.390.781.90GG vs CC2.890.160.6612.62Squamous cell carcinoma allelicG vs C0.820.480.471.43 DominantGC/GG vs CC0.790.430.431.43 genotypicGC vs CC0.760.390.411.41GG vs CC1.260.840.1312.51^a^ *RRR* relative risk ratio; \**p* \< 0.05. *CCL2* chemokine (C-C motif) ligand 2 gene, *CI* confidence interval

We noticed that, the point estimates of OR for the association between the minor allele G of rs3760396 and adenocarcinoma is in the same direction as that in adenosquamous carcinoma, whereas the point estimate of OR was in opposite direction for squamous cell carcinoma. We speculated that rs3760396 polymorphism may be more associated with the adenocarcinoma cell components, which is shared between adenocarcinoma and adenosquamous carcinoma, than the squamous cell components in adenosquamous carcinoma. To test this hypothesis, we pooled the two pathological subtype of lung cancer together and examined the genetic association with Multinomial Logistic Regression. Again, age, geneder and smoking status were included as additive covariates. The results were presented in Table [5](#Tab5){ref-type="table"}. Interestingly, nominally significant association remained between rs3760396 and the pooled pathological subtypes in which adenocarcinoma cell components were common (Relative Risk Ratio RRR = 1.54 and *P* = 0.02 in allelic model, and RRR = 1.57 and *p* = 0.03 in dominant model). Note that this association could not pass stringent Bonferroni corrected *p* value cut off (*p* \< 0.0017).Table 5Association of CCL2 rs3760396 polymorphism with lung cancer cases classified as either adenocarcinoma or adenosquamous carcinomaGenetic modelComparisonRRR (vs Con)*p*-value95 % CI_Lower95 % CI_Upperadenocarcinoma/adenosquamous carcinoma allelicG vs C1.540.0231.062.24 dominantGC/GG vs CC1.570.0311.042.36 genotypicGC vs CC1.510.0550.992.30GG vs CC2.750.1830.6212.06 recessiveGG vs CC/GC2.550.2150.5811.22*CCL2* chemokine (C-C motif) ligand 2 gene, *RRR* relative risk ratio, *CI* confidence interval

We assessed whether the differential association of rs3760396 with pathological subtypes of lung cancers is mediated through differential distribution of clinical stages. Our analysis showed that adenosquamous cell carcinoma, adenocarcinoma and squamous cell carcinoma did exhibit differential distribution of clinical stages (chi-squared test *p* \< 0.001). Therefore, we further included clinical stages as covariate. After controlling for clinical stages, SNP rs3760396 is still differentially associated with pathological subtypes using squamous cell carcinoma as reference (Table [6](#Tab6){ref-type="table"}). In fact, we directly evaluated whether SNP rs3760396 is associated with the stages of lung cancer. Two analysis strategies were used: with control as reference outcome, there is no significant association of this SNP with any of the 4 stages of lung cancer (Results not shown); with case only analysis using stage 1 as reference outcome, there is no significant association of this SNP with stages of lung cancer either (Table [7](#Tab7){ref-type="table"}). This provides another line of reasoning that our observed association of SNP rs3760396 with subtypes of lung cancer is not mediated through relationship with clinical stages.Table 6association of CCL2 rs3760396 polymorphism with pathological subtypes of lung cancerGenetic modelComparisonRRR*p*-value95 % CI_Lower95 % CI_UpperSquamous cell carcinomaReference OutcomeAdenosquamous carcinoma allelicG vs C6.77\< 0.001\*2.5817.74 DominantGC/GG vs CC12.91\< 0.001\*4.1040.61 genotypicGC vs CC14.42\< 0.001\*4.4846.41GG vs CCAdenocarcinoma allelicG vs C1.730.090.933.24 DominantGC/GG vs CC1.760.100.893.47 genotypicGC vs CC1.680.150.833.40Note: Inclusion of clinical stages as a covariate in case only analysis on the association of CCL2 rs3760396 polymorphism with pathological subtypes of lung cancer. Squamous cell carcinoma was used as a reference subtype. *CCL2* chemokine (C-C motif) ligand 2 gene, *RRR* relative risk ratio, *CI* confidence intervalTable 7Analysis on association of SNP rs3760396 with clinical stages of lung cancer within casesClinical stagesGenetic modelComparisonRRR*p*-value95 % CI_Lower95 % CI_Upper1Reference Stage2allelicG vs C0.760.500.351.68genotypicGC vs CC0.550.190.231.35DominantGC/GG vs CC0.630.300.261.513allelicG vs C0.680.330.311.49genotypicGC vs CC0.520.150.221.27DominantGC/GG vs CC0.570.210.241.374allelicG vs C0.870.760.352.12genotypicGC vs CC0.810.670.302.14DominantGC/GG vs CC0.820.700.312.18*SNP* single nucleotide polymorphism, *RRR* relative risk ratio, *CI* confidence interval

Discussion {#Sec9}
==========

Our current study found that the minor allele G of genetic polymorphism in CCL2 gene, rs3760396, was significantly associated with increased risk of adenosquamous lung carcinoma, after controlling for age, gender, and smoking status. The association remained nominally significant when adenosquamous lung carcinoma and adenocarcinoma were pooled together as a merged outcome phenotype, although the association *p* value could not pass over-conservative Bonferroni correction. This association was not observed for squamous cell lung carcinoma. There was no significant association of this SNP with overall lung cancer susceptibility, indicating subtype-specific effect of this SNP.

Furthermore, this subtype specific association is not confounded by the differential distribution of clinical stages among subtypes of lung cancer. In fact, there was no significant association between this SNP and clinical stages of lung cancer.

Our results pointed to a lung cancer subtype specific molecular mechanism link between CCL2 and adenosquamous carcinoma. To our best knowledge, our study represented the first such report. Our study further indicated the potential link of CCL2 rs3760396 with the adenocarcinoma cell components shared between adenosquamous carcinoma and adenocarcinoma. Our results extended recent finding in Chinese population that the same SNP is associated with the outcome of NSCLC \[[@CR15]\]. Thus, the same genetic variation of CCL2 gene can affect both the risk of occurrence of adenosquamous cell lung carcinoma and the outcome of non-small cell lung cancer.

Interestingly, the association of CCL2 with adenocarcinoma or adenosquamous carcinoma in other tissue types has been reported. For example, recent study found increased expression of CCL2 mRNA in human gallbladder adenocarcinoma than those in human chronic cholecystitis \[[@CR17]\]; Exogenous CCL2 expression by murine colon adenocarcinoma cells have been found to promote its lung metastases through promoting neovascularization \[[@CR18], [@CR19]\]. A pilot study \[[@CR20]\] reported that CCL2 -2518A/G polymorphism is associated with genetic susceptibility to NSCLC in Han nationality of North China. rs3760396 has been rarely studied in lung cancer other than association between rs3760396 and decreased risk of death for non-small cell lung cancer \[[@CR15]\]. A pilot case--control study in Chinese population \[[@CR21]\] reported that the frequency of the heterozygote C/G at promoter of CCL2 was significantly less in ovarian cancer than in healthy controls.

The association between genetic polymorphism in CCL2 and lung cancer is biologically plausible. CCL2 plays an important role in the tumor microenvironment. CCL2 was reported as a transforming growth factor-β (TGF-β) target gene in endothelial cells (ECs). CCL2 mediates TGF-β--stimulated angiogenesis by enhancing migration of mural cells toward ECs and thus promoting the maturation of new blood vessels \[[@CR22]\]. rs3760396 is located in the promoter region of CCL2 gene. It has been found that this SNP is associated with transcription factor binding sites and can modify transcriptional activity, and thus to be a functional SNP \[[@CR23]\]. Previous studies revealed that CCL2 could regulate angiogenesis process in cancer development and metastasis through its critical role in macrophage recruitment \[[@CR18]\]. Our current study together with other studies of rs3760396 \[[@CR21]\] in Chinese population suggest that the G allele of rs3760396 in the promoter of CCL2 plays an important role in the function of CCL2. The exact mechanism underlying the link of rs3760396 of CCL2 with adenosquamous carcinoma would need further investigation.

Due to the limited sample size for small cell lung cancer and big cell lung cancer subtypes, we only evaluated the subtype specific effect of t rs3760396 in adenosquamous lung carcinoma, adenocarcinoma, and squamous cell carcinoma. It would warrant further investigation whether this SNP is also associated with increased risk of other pathological subtypes of lung cancer besides adenosquamous lung carcinoma. Future replication study is needed to confirm our finding and generalize our findings in other populations. Future functional study would be necessary to identify molecular mechanisms underlying the association.

Conclusion {#Sec10}
==========

The minor allele of SNP rs3760396 of CCL2 gene is associated with increased risk of adenosquamous lung carcinoma, but not overall lung cancer in Chinese Han ethnicity population. The underlying functional mechanism would worth further investigation.

CCL2

:   chemokine (C-C motif) ligand 2

MCP-1

:   monocyte chemotactic protein 1

NSCLC

:   non-small cell lung cancer

OR

:   odds ratio

Xu Li and Fangcai Lin are co-first authors.

**Competing interests**

The authors declare that they have no competing interests.

**Authors' contributions**

XL and FXL carried out the molecular genetic studies, participated in the sequence alignment and drafted the manuscript. HZ carried out the PCR analysis. FXL participated in the PCR analysis. XL and FXL participated in the design of the study and performed the statistical analysis. XL and FXL conceived of the study, and participated in its design and coordination and helped to draft the manuscript. All authors read and approved the final manuscript.

This work was supported by STATE GRID Corporation of China Science and Technology Project and by the fund of Capital Medical University Electric Power Teaching Hospital (No.2013HUADIAN042). The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript. We sincerely thank the patients and healthy volunteers for their participation in this study.
